Express Mail No. EV 049905086 US 



PATENT APPLICATION OF 

GARY EDWIN BEMENT 
MICHAEL DAVID MUNDT 

PAUL SMITH 
MARK ANDREW CHAP IN 

ENTITLED 

DISC STABILIZATION SYSTEM 



Docket No. S01.12-0991/STL 11378.00 



STL 11378 



DISC STABILIZATION SYSTEM 

FIELD OF THE INVENTION 
The present invention relates generally to stabilization of spinning discs, 
5 and more particularly but not by limitation to stabilization of discs in disc drives. 

BACKGROUND OF THE INVENTION 
In disc drives, there is a need to maintain a fly height spacing between a 
disc and an air bearing surface of a head in a desired range. When the disc is flat 

10 and there is no externally applied shock, then the aerodynamic force generated at 
the air bearing surface and a preload force combine to provide the desired fly 
height spacing. When the disc drive is subjected to shock, however, then the disc 
can be deflected so that the fly height spacing changes, and the head can also be 
deflected so that the fly height spacing changes. If the deflections of the disc and 

15 the head are slow enough and small enough, then the naturally stabilizing 
interaction of the aerodynamic force and the preload force can maintain the fly 
height spacing in a desired range. If the deflections are too large or too fast, then 
the fly height spacing will exceed the desired range and the disc drive will 
malfunction. The problem is compounded by the fact that the preload force is 

20 transferred to the disc and tends to cause a small deflection of the disc under the 
head. Closed loop electronic fly height control systems are known, however, in 
some cases the shock is too large or too fast for adequate compensation by a fly 
height control system. Methods and apparatus are needed to improve the control 
of fly height, particularly in small form-factor disc drives. 

25 Embodiments of the present invention provide solutions to these and other 

problems, and offer other advantages over the prior art. 

SUMMARY OF THE INVENTION 
Disclosed are a method of stabilization and a disc stabilization system. The 
30 disc stabilization system comprises a spinning disc that has a disc surface that is 
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deflectable by a shock or vibration. The disc surface is in contact with a gas layer 
adjacent the disc surface. When the stabilization system is subjected to a 
mechanical shock or vibration, the disc can deflect. The amplitude and duration of 
the deflection due to mechanical shock or vibration is limited by a wing feature. 
5 The wing feature includes an aerodynamic surface that interacts with the 

gas layer to generate an aerodynamic force on the disc surface. A strut supports 
the wing feature over the disc surface in a position such that the aerodynamic 
force increases as the disc surface deflects toward the aerodynamic surface. 

Other features and benefits that characterize embodiments of the present 
10 invention will be apparent upon reading the following detailed description and 
review of the associated drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1 illustrates an oblique view of a disc drive. 
15 FIG. 2 illustrates an oblique view of a first embodiment of a disc 

stabilization system. 

FIG. 3 illustrates an oblique view of a second embodiment of a disc 
stabilization system. 

FIG. 4 illustrates a side cross-sectional view of a disc stabilization system at 
20 a quiescent condition. 

FIG. 5 illustrates a cross-sectional view of a disc stabilization system during 
a shock. 

FIG. 6 illustrates aerodynamic force on a disc as a function of displacement 
of the disc. 

25 FIG. 7 illustrates a timing diagram of disc motion responsive to a shock. 

DETAILED DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS 
In the embodiments described below, disc stabilization systems use wing 
features (also called pumping features) that are strategically positioned so that an 
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aerodynamic surface of the wing feature interacts with a disc surface to provide a 
stabilization force to the disc. In one application, the stabilization system is used 
to stabilize spacing between a disc and a read/ write head to reduce operational 
variation of head/ disc spacing. The arrangement is particularly useful in small 
5 form-factor disc drives. Examples of disc stabilization systems are described 
below in connection with FIGS. 1-7. 

FIG. 1 illustrates an oblique view of a disc drive 100 in which embodiments 
of the present invention are useful for stabilizing discs. Disc drive 100 includes a 
housing with a base 102 and a top cover (not shown). Disc drive 100 further 

10 includes a disc pack 106, which is mounted on a spindle motor (not shown) by a 
disc clamp 108. Disc pack 106 includes a plurality of individual discs, which are 
mounted for co-rotation in a direction indicated by arrow 107 about central axis 
109. Each disc surface has an associated disc read/ write head slider 110 which is 
mounted to disc drive 100 for communication with the disc surface. In the 

15 example shown in FIG. 1, sliders 110 are supported by suspensions 112 which are 
in turn attached to track accessing arms 114 of an actuator 116. The actuator 
shown in FIG. 1 is of the type known as a rotary moving coil actuator and 
includes a voice coil motor (VCM), shown generally at 118. Voice coil motor 118 
rotates actuator 116 with its attached read/ write heads 110 about a pivot shaft 120 

20 to position read/write heads 110 over a desired data track along an arcuate path 
122 between a disc inner diameter 124 and a disc outer diameter 126. Voice coil 
motor 118 is driven by electronics 130 based on signals generated by read/ write 
heads 110 and a host computer (not shown). The disc drive 100 also includes wing 
features (not visible in FIG. 1) that stabilize each of the discs in the disc pack 106. 

25 In disc drives, the rotating disc causes airflow in the drive to get channeled 

under an air bearing surface located on a read/ write head. The airflow and a 
spring suspension force on the read/ write head are designed to maintain a 
constant spacing between the read/ write head and the magnetic disc under 
quiescent conditions. In the present arrangements, airflow is channeled through 
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wing features to apply force to various areas of the disc where needed, thus 
effectively increasing the disc stiffness. Under conditions of shock and vibration 
(non-quiescent conditions) the added stiffness reduces deflection of the disc and 
helps to maintain a constant spacing between the read/write head and the disc. In 
5 newer designs, fewer discs are used on a per-drive basis because of increasing 
areal density on each disc. The reduced number of discs provides more space 
between the discs and this space is used for positioning the present wing features 
and associated support struts. These wing features can also be used in one-disc 
hard drives. The wing features apply force to the disc to increase stiffness and 

10 thus reduce disc vibration velocity and amplitude caused by different shock or 
vibration mechanisms. 

In the case of thin discs (e.g., 0.0 10" and 0.0 15" thick micro-drive discs), the 
preload force of the read/ write head suspension can cause the disc to deform. 
This deformation can cause undesirable and non-constant fly height loss due to 

15 disc coning. Because of the variability of the fly-height loss, the read/ write head 
needs to fly at a higher nominal fly height so that fly height loss due to disc 
deflection does not cause a head crash. For drives that use only one disc surface, a 
wing feature opposite the head can counteract the preload force on the head and 
eliminates excessive disc deflection (as illustrated in FIG. 2). Complexity of the 

20 wing shape depends on the complexity of the force imbalance due to suspension, 
and the wing can be shaped to apply more force at the outer diameter than at the 
inner diameter. The shapes of wing features can be initially determined using 
commercially available computer flow modeling programs, verified by testing of 
physical models, and scaled to the desired magnitude based on the model test 

25 data. In a preferred arrangement, the wing feature is shaped to provide a desired 
aerodynamic force (ground effect force) on the disc. 

In a situation where the disc is deformed due to operational shock or disc 
clamping, multiple smaller wing features can be used to reduce the deformation. 
In this situation, wing features on opposing sides of the disc can be used to keep 
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the disc centered. Since the pump force is non-linear with spacing (as illustrated 
in FIG. 6), multiple wing features can be used to compress the flow near the disc 
and generate the desired aerodynamic forces which vary as a function of disc 
deflection. The closer the disc is to one of the wing features, the more force the 
5 wing feature applies to the disc, which will cause the disc to move back into a 
centered position. Two pairs of wing features can be used, one set near the inner 
diameter and one set near the outer diameter (as illustrated in FIG. 3). 

Wing features can also be used to apply force to the head during 
operational shock. By design, the drive can have an "idle" radius at which the 

10 heads dwell when the drive is operating but is not reading, writing, or seeking. 
The drive spends a majority of its "power-on" time not performing any operations, 
so the likelihood of an operational shock to occur is the greatest at this radius. 
Thus, the drive could be designed to have this radius aligned with one of the 
previously-described wing features to reduce the amplitude of head separation 

15 during operational shock (as illustrated in FIG. 7). 

When a disc is running in its quiescent position, the wing features can be 
spaced far enough back from disc surfaces to avoid excessive power consumption 
due to drag on the discs from the wing features. Examples of a wing feature (also 
called pump feature) is described in more detail below in connection with an 

20 example illustrated in FIG. 2. 

FIG. 2 illustrates an oblique view of a first embodiment of a disc 
stabilization system 150. The disc stabilization system 150 comprises a spinning 
disc 152 that has a top disc surfaces 154 and a bottom disc surface 156 that are 
deflectable by shock or vibration. The disc surfaces 154, 156 are in contact with gas 

25 layers 158, 160 (also called aerodynamic boundary layers) adjacent the disc 
surfaces 154, 156. The spinning disc surfaces drive the adjacent gas layers 158, 160 
to spin along with the disc 152. 

A read/ write head 172 glides over the disc surface 154 for reading and 
writing data on the disc surface 154. The read/write head 172 is positioned by a 
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suspension 174. When the stabilization system 150 is subjected to a mechanical 
shock, the disc 152 can deflect, causing the spacing between the read/ write head 
172 and the disc surface 154 to change, resulting in a head crash or loss of data. 
The amplitude and duration of the deflection due to mechanical shock is limited 
5 by a wing feature 162 such that head crashes and loss of data are reduced. 

The wing feature 162 includes an aerodynamic surface 164 that generally 
faces the disc surface 156 and that has an aerodynamic interaction with the gas 
layer 160 that is proximate thereto. The interaction generates an aerodynamic 
force 166 on the disc surface 156. The force 166 is a component perpendicular to 

10 the disc surface 156. A strut 170 rigidly supports the wing feature 162 over the 
disc surface 156 in a position such that the aerodynamic force 166 increases as the 
disc surface 156 deflects toward the aerodynamic surface 164. The strut 170 is 
shaped to avoid contacting the spinning disc 152 and rigidly supports the 
aerodynamic surface 164. The strut 170 couples between the wing feature 162 and 

15 a mechanical grounding point such as a disc drive housing. The strut 170 is less 
deflectable by the shock and vibration than the disc surface 156. When the disc 
152 is deflected by shock or vibration, the disc 152 moves relative to the 
aerodynamic surface 164, changing a spacing 180. 

The aerodynamic force 166, which varies non-linearly as a function of the 

20 spacing 180 between the disc surface 156 and the aerodynamic surface 164, tends 
to stabilize the position of the disc 152. The deflection of the disc 152 is effectively 
damped and limited by the aerodynamic force 166. The dynamic mechanical 
response of the stabilized disc 152 to shock and vibration is comparable to a disc 
with a larger stiffness or more mass, but without the stabilization. Multiple wing 

25 features (also called pumping features) can be arranged in other configurations, as 
well, as described below in connection with an example illustrated in FIG. 3. 

FIG. 3 illustrates an oblique view of a second embodiment of a disc 
stabilization system 250. The disc stabilization system 250 comprises a spinning 
disc 252 that has disc surfaces 254, 256 that are deflectable by shock or vibration. 
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The disc surfaces 254, 256 are in contact with gas layers 258, 260 adjacent the disc 
surfaces 254, 256 respectively. The spinning disc surfaces 254, 256 drive the 
adjacent gas layers 258, 260 to spin along with the disc 252. 

A read/ write head 272 glides over the disc surface 254 for reading and 
5 writing data on the disc surface 254. The read/ write head 272 is positioned by a 
suspension 274. When the stabilization system 250 is subjected to a mechanical 
shock or vibration, the disc 252 can deflect, causing the spacing between the 
read/ write head 272 and the disc 252 to change, resulting in a head crash or loss 
of data. The amplitude and duration of the deflection due to mechanical shock is 

10 limited by wing feature 262, 263, 265, 269 to reduce head crashes and loss of data. 

The wing feature 262 includes an aerodynamic surface 264 that faces the 
disc surface 254. The aerodynamic surface 264 has an interaction with the gas 
layer 258 that generates an aerodynamic force 266 on the disc surface 254. The 
wings features 263, 265, 269 also have aerodynamic surfaces that interact with the 

15 corresponding gas layers 258, 260 to generate forces on the surfaces 254, 256. A 
strut 270 rigidly supports the wing features 262, 263 over the disc surface 254 in a 
position such that the resulting aerodynamic forces (such as force 266) increase as 
the disc surface 254 deflects toward the aerodynamic surfaces of wing features 
262, 263. A strut 271 supports the wing features 265, 269 over the disc surface 256 

20 in a position such that the resulting aerodynamic forces (such as force 267) 
increase as the disc surface 256 deflects toward the aerodynamic surfaces of the 
wing features 265, 269. The struts 270, 271 are shaped to avoid contacting the 
spinning disc 252 and rigidly support the multiple aerodynamic surfaces (such as 
surface 264). The struts 270, 271 are less deflectable by shock and vibration than 

25 the disc 252. When the disc 252 is deflected by shock or vibration, the disc 252 
moves relative to the aerodynamic surfaces, changing a spacing 280 as explained 
below in connection with FIG. 4. 

FIG. 4 illustrates a side cross-sectional view of a portion of the disc 
stabilization system 250 at a quiescent condition. FIG. 5 illustrates a cross- 
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sectional view of a portion of the disc stabilization system 250 during a shock. 
Reference numbers used in FIGS. 4-5 that are the same as reference numbers used 
in FIG. 3 represent the same or similar features. As can be seen in FIG. 4, when 
there is no shock, the disc 252 is centered in a quiescent condition and the 
5 spinning gas layers 258, 260 can interact only very weakly with the aerodynamic 
surfaces 264, 281 of the wing features 262, 269. In FIG. 4, there is little power loss 
from drag in the quiescent position. 

As can be seen in FIG. 5, when there is a shock, the disc 252 is deflected 
upward from its centered position (shown in broken lines) and the spinning gas 

10 layers 258 can interact strongly with the aerodynamic surfaces 264 of the wing 
features 262. This strong aerodynamic interaction generates a downward force on 
the disc 252 that tends to return the disc to its centered, quiescent position. If the 
downward force causes the disc to overshoot (not illustrated in FIG. 5), then the 
aerodynamic surface 281 can interact with the spinning gas layer 260 to generate a 

15 force in the opposite direction that again tends to center the disc 252. This 
centering process is described below in more detail in connection with FIG. 6. 

FIG. 6 illustrates aerodynamic force on a disc as a function of displacement 
of the disc. Reference numbers used in FIG. 6 that are the same as reference 
numbers used in FIGS. 3-5 represent the same or similar features. In FIG. 6, a 

20 centerline of the disc 252 is deflected by shock or vibration along a path 282. A 
graph of aerodynamic forces 288, 290 generated by the disc stabilization system is 
illustrated. A vertical axis 286 of the graph represents a composite force from 
aerodynamic interactions with both aerodynamic surfaces 264, 281. A horizontal 
axis 284 of the graph represents deflections distance of the centerline due to shock 

25 or vibration. It can be seen from FIG. 6 that the aerodynamic forces 288, 290 are 
weak when the disc is centered, and increase non-linearly as the disc deflects from 
the centerline. The forces 288, 290 tend to return the disc to its centered position as 
described below in connection with FIG. 7. 
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FIG. 7 illustrates a timing diagram of disc motion responsive to a 
mechanical shock. In FIG. 7, horizontal axes 300, 302, 304 represent time. An 
impulse 306 represents a mechanical shock to the disc. A first waveform 308 
represents deflection of a disc without the use of a disc stabilization system. A 
5 second waveform 310 represents deflection of a disc with the use of a disc 
stabilization system as presently disclosed. Without the use of the disc 
stabilization system, the deflection of the disc has a larger initial amplitude at 312 
and there is a longer decay envelope 314. With the use of the disc stabilization 
system, the deflection of the disc has a smaller initial amplitude 316 (compared to 

10 amplitude 312) and there is a relatively shorter decay envelope 318 (compared to 
decay envelope 314). 

In summary, a disc stabilization system (such as 150) comprises a spinning 
disc (such as 152) that has a disc surface (such as 156) that is deflectable by shock 
or vibration. The disc surface is in contact with a gas layer (such as 160) adjacent 

15 the disc surface. A read/write head (such as 172) glides over a disc surface (such 
as 154) for reading and writing data. The read/write head is positioned by a 
suspension (such as 174). When the stabilization system is subjected to shock, the 
disc can deflect. The amplitude and duration of the deflection due to mechanical 
shock is limited by a wing feature (such as 162). The wing feature includes an 

20 aerodynamic surface (such as 164) that has an interaction with the gas layer. The 
interaction generates an aerodynamic force (such as 166) on the disc surface (such 
as 156). A strut (such as 170) supports the wing feature over the disc surface in a 
position such that the aerodynamic force increases as the disc surface deflects 
toward the aerodynamic surface. 

25 It is to be understood that even though numerous characteristics and 

advantages of various embodiments of the invention have been set forth in the 
foregoing description, together with details of the structure and function of 
various embodiments of the invention, this disclosure is illustrative only, and 
changes may be made in detail, especially in matters of structure and 
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arrangement of parts within the principles of the present invention to the full 
extent indicated by the broad general meaning of the terms in which the 
appended claims are expressed. For example, the particular elements may vary 
depending on the particular application for the stabilization system while 
5 maintaining substantially the same functionality without departing from the 
scope and spirit of the present invention. In addition, although the preferred 
embodiment described herein is directed to a disc drive system for data storage, it 
will be appreciated by those skilled in the art that the teachings of the present 
invention can be applied to other spinning discs, without departing from the 
10 scope of the present invention. 



